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Abstract 
Traffic emissions are measured at several locations along and across a non-homogeneous symmetrical street 
canyon in Nicosia, with a single off-centre traffic lane.   Under several background wind conditions, CO 
concentrations were higher on the pavement near the traffic lane at various locations and heights within the street, as 
opposed to predicted flow regimes for street canyons in these winds.   The levels of pollution experienced at ground 
level, depending greatly on street geometry and local wind conditions, are affected by the location of the traffic 
lanes, and thus might exceed safe pollution levels for long periods in time. 
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1. Introduction 
Urbanization is on the rise and localized air quality is of increasing environmental concern.   Traffic emissions 
are considered to be one of the main sources of pollution in the urban environment and especially in street canyons 
(Colvile [1]).   These emissions are of particular concern due to their effects on human health (Brunekreef et al [2]),  
such as cancer in lungs or respiratory problems.   High levels of pollution are observed particularly within street 
canyons where tall and dense buildings impede ventilation and thus the dispersion of pollutants.  
Pollution levels within street canyon are related to the ventilation, the associated dispersion processes, and to the 
emissions.   The ventilation of a street canyon is affected by meteorological conditions such as wind speed and 
direction, by street geometry and building configuration (Vardoulakis et al[3]), while emissions depend on traffic 
levels, type and age of vehicles (Zachariades et al[4] ). 
Previous studies have shown that in symmetrical canyons, where buildings on both sides of the street have the 
same height, different flow patterns occur within the street when the wind is perpendicular to the street canyon 
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depending on the aspect ratio of the street (Building height (H)/Width of street (W)) (Oke [5]).  For H/W <0.3, the 
flow on the windward building does not interact with the flow on the leeward building and the buildings act as 
isolated roughness elements.   This is classified as isolated roughness flow.   For more closely spaced buildings, 
when 0.3<H/W≤ 0.5 the wakes of flow are disturbed before arising at the windward building, producing a wake 
interference flow.   As the aspect ratio becomes even larger, H/W=1 the flow converts to skimming flow which is 
characterised by the creation of a main vortex within the street canyon.   This type of flow leads to poor ventilation 
within the canyon since the recirculation zone that is created at the near ground level has little air exchange with the 
atmospheric boundary layer above the roof top level.   Due to this recirculation within the street canyon the highest 
levels of pollution are concentrated on the leeward side of the street canyon as observed in field studies (Qin and 
Kot [6]; Vardoulakis et al. [3]) and wind tunnel studies (Kastner-Klein [7]).  Figure 1 shows an example of such a 
flow in a typical symmetrical canyon of aspect ratio 1.25 from an experimental run of simultaneous PIV and PLIF 
carried out by the author in a water flume at UCL.   Velocity vectors and concentration levels of a passive tracer 
released in the centre of the canyon are shown.   Concentration levels on the leeward side are observed here to be 
twice as high as on the windward side.  In higher wind conditions, for speeds of up to 4ms-1 these can be up to 70% 
higher (Xie et al.[8]; Tsai and Chen[9]). 
 
          
Figure 1: (a) Velocity vectors from PIV of flow in a water flume over a street canyon of aspect ratio 1, showing vortex Recirculation within the 
street canyon  (b)  Concentration distributions of the passive tracer released in the centre of the canyon; higher levels are seen on the leeward side 
(right) 
The concentration reduces significantly when the wind direction changes from perpendicular to oblique 
compared to the street (Kastner-Klein [7]).   When the wind is parallel the concentration is reduced to about 40% of 
that for perpendicular wind direction.   Furthermore, the concentrations are then similar on both sides of the canyon. 
In recent years there has been interest in the influence of the layout of a street canyon on the flow patterns and 
pollution dispersion.   In the real environment, the heights of the buildings are not equal on both sides and the layout 
of the canyon is rarely ideal.   Assimakopoulos et al[10] have shown in a numerical study that in the case where the 
aspect ratio of the street is equal to one and the height of the leeward building is lower than the windward building 
(step-up canyon), the main vortex is altered and its centre is transferred towards the windward building side of the 
canyon.   As a result, pollution is still higher on the upwind building but concentration levels are lower than for a 
similar symmetrical canyon.   On the other hand for canyons where the downwind building is lower (step-down 
canyon) the main recirculation vortex is weaker and moves upwards with its centre approximately at the height of 
the roof top of the leeward building.   An additional vortex is generated at the lower level of the windward building 
with its flow in the opposite direction to the above vortex (Baik et al [11]). 
The influence of building design may have an important role in the vortex dynamics and pollution distribution 
within the street canyon ( Rafailidis [12]; Louca et al[13]).  For a canyon with buildings with pitched roofs the 
vortex is weaker and in consequence the flow inside the canyon is almost stationary, leading to the reduction of 
vertical mixing and to the accumulation of more pollution at the ground level (Kastner-Klein et al[14]).   This effect 
of geometry on the circulation in a street canyon indicates that another factor that might influence the dispersion 
process is the gaps between buildings or the uneven building heights along the street.  These features have not been 
studied in detail to date. 
The present study is concerned with the effect of street geometry on ventilation of urban street canyons.   The 
study aims to investigate the dispersion of traffic related pollutants within a non-symmetrical canyon with an off-
centre traffic lane, under different wind conditions.   A field work campaign was carried out in the city of Nicosia, 
(a) (b) 
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Cyprus, monitoring traffic-emissions related CO concentrations at different locations within the street under two 
different wind conditions: oblique and parallel wind. 
2. Methodology 
A series of field measurements was performed in central Nicosia, in a non-uniform street canyon. Rigenis street 
is located at the entrance to the old city of Nicosia with East to West orientation.   It is a one-way traffic street 160m 
long (L), 8m wide (W) including the pavements.   The street, which has taller buildings on one side has a 
homogeneous building construction on the South side of the street, which is 11.5m high on the average, but on the 
North side, which is 9m high on the average, the buildings are fairly asymmetrical (Figure 2a).   The aspect ratio of 
the street is H/W= 1.43 for Southerly winds and H/W=1.12 for Northerly winds.   The street is divided into two 
lanes; the South one (on the left in Figure 2b) is dedicated to parked cars, and the North one is the traffic lane.  Thus, 
the pollution is emitted as a line source, which is not in the centre of the street. 
The measurements campaign was carried out in the period of mid-April to mid-May 2010. Carbon Monoxide was 
chosen as an indicator of traffic related emissions within the street canyon because it has slow chemical 
transformation within the Atmosphere and can be considered inert over short distances (Neophytou et al[15]).   CO 
was recorded eight hours per day at several locations along both sides of the street, at heights 1.5m and 2.5m from 
the ground with Learian ICOMs as shown in Figure 3.   Monitors were placed opposite each other on both sides of 
the street at similar locations, and at two heights from the ground, to obtain a picture of the pollution distribution.  
ICOM monitors measure CO at 0.1ppm resolution in the range from 0 to 500ppm.   CO concentrations were 
recorded each second but an average of fifteen minutes was given as an output.   
The CO monitors were attached to pipe poles through cable connectors 0.1m away from the walls.  Reference 
data on wind direction and speed were measured at the roof top height of 26m on the North building side of the 
street canyon.  A La Crosse Technology cup anemometer, WS-3502 model, and a weather mini station were used to 
measure wind speed and direction and temperature.  The resolution of the cup anemometer sensor is 0.1m/s. Traffic 
flow rate was counted manually for eight hours giving an average of fifteen minutes so as to be consistent with CO 
measurements. 
 
          
Figure 2: (a) Building schematic diagram of Rigenis street, (b) Traffic lane location within the street 
 
Figure 3: Schematic diagram of Rigenis street showing the location of the monitors  
(a) (b) 
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Figure 4: Summary of several days of measurements.  (a) Relationship of maximum CO Concentration with Traffic (b) Relationship of mean CO 
Concentration with Traffic  
 
3. Results  
3.1. Correlation of maximum and mean CO concentration level with traffic  
During the measurement campaign, traffic was in the range of a total of 3300 to 5500 cars for eight hours.   
Figure 4 shows the correlation of traffic versus maximum and mean daily CO concentration of all monitors from all 
the days of the measurement campaign on the South side and on the North side.   For most days, the South side of 
the street was the leeward side and the North side of the street was the windward side.  
As shown in Figure 4 the pollution does not correlate only with traffic levels.   Pollution levels rise initially with 
traffic levels, but after certain traffic levels are reached the additional traffic does not correspond to a further rise in 
pollution concentrations.   This indicates that other effects, probably the wind and the street geometry have a more 
significant effect on the levels of pollution measured within the street level.  
Another significant feature see in Figure 4 is that the mean concentrations of CO on the North side are 
consistently about 50% higher than the concentrations on the South side.   For most wind episodes the North side 
was the windward side and thus this finding is in contrast to results from the literature, which expect concentrations 
to be greater on the leeward side in a typical symmetrical canyon.   As further analysis of individual case studies 
shows below, this pattern persists for all different wind conditions.   This indicates that a geometrical feature of the 
street is probably the reason for this discrepancy.  
3.2. Case Studies  
We present in more detail, results of measurements from four different wind episodes taken from the 10th and 11th 
of May.   In the morning of the 10th of May the wind was mainly from East-Southeast to East-Northeast direction 
and generally parallel to the street.  In the afternoon of 10th May the wind was from West-Southwest to Southwest 
and was generally oblique to the street.  In morning of the 11th May the wind was blowing from South –Southeast 
and Southeast and was generally parallel  to the street.  In the afternoon of 11th May the wind was blowing from 
East, Southeast and Northeast and was generally parallel and oblique to the street  
3.2.1. Pollution distribution at street level on 10th May Morning  
Wind direction as shown in Figure 5(b) on the 10th May morning is mostly blowing from East-Southeast and  
East-Northeast.  Wind direction in this case can be considered almost parallel to the street canyon.  Wind speeds are 
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low, ranging from 0 to 1.8m/s.  Traffic flow as shown in Figure 5(a) is low up to 9.30a.m with an average of 70 to 
90 cars every fifteen minutes and then there is a significant increase up to 11.30a.m with an average of 160 to 180 
cars.  
The distribution of pollution levels along the street within the street canyon is shown in Figure 6.  The 
concentrations in the morning present generally similar levels along the length of the street, but 10% higher on the 
North side for almost all monitors.  Between 10:45 to 11:15a.m the wind starts to change direction significantly, 
becoming oblique, SE, with episodes of Northerly winds, strong vertical mixing is creating reversing this trend on 
the leeward side and concentrations increase at 2.5m compare with 1.5m levels.  On the windward (North) side, as 
the wind direction becomes oblique to the street canyon (from Southeast) for this short period of time the difference 
concentrations at 1.5 versus 2.5 m increases and is more pronounced in the middle side of the street canyon than at 
the edges.  Furthermore, CO levels are generally 25% to 30% higher at 1.5m height than at 2.5m from the ground. 
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Figure 5: (a)  Traffic Flow rate in number of vehicles per 15 minutes (b)  Wind rose showing wind speed and direction from the roof top 
measurements for the 10th May morning    
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Figure 6: (a) CO concentrations along the South side at 1.5 and 2.5 m from the ground on 10th May morning; (b) CO concentrations along the 
North side at 1.5 and 2.5 m from the ground on 10th May morning   
 
 
(b) 
30  Styliani Karra et al. / Procedia Environmental Sciences 4 (2011) 25–34
 
3.2.2. Pollution distribution at street level on 10th May afternoon 
The wind direction on 10th May afternoon is mostly in the range of West-Southwest and Southwest as shown in 
Figure 7(b).   In this case the wind is considered to be oblique to the street canyon.   Traffic during the afternoon was 
high and the average within fifteen minutes ranged from 120 to 160 cars. 
The distribution of pollution levels along the street within the street canyon on 10th May afternoon is shown in 
Figure 8.  CO concentrations now have a different distribution with the significant change of wind direction and the 
increase of wind speed as compared with the morning.   Between 11:30 a.m. and 13:30 p.m. wind speeds are lower 
and the wind is occasionally meandering between South-Southeast and West-Northwest.   Between 13:30 a.m. to 
16:00 p.m. the wind speeds are higher and the wind direction is more stable.   Furthermore, during the time where 
big fluctuations are observed in wind speeds and wind direction, vertical mixing is observed in the middle side on 
both sides of the street, affecting pollutions levels dramatically at all positions.  
For this oblique flow the concentration levels differ along and across the street canyon.   CO levels are 
systematically higher on the North side than on the South side.   In the middle of the street the concentration levels 
are 60% higher on the North side, at both heights.   On the west side of the canyon, CO levels on the North side are 
10% higher at 1.5m high and 50% higher at 2.5m than on the South side.   This finding is in contrast to results from 
the literature, which expect concentrations to be greater on the leeward side in a typical symmetrical canyon.   
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Figure 7 (a)  Traffic Flow rate in number of vehicles per 15 minutes (b)  Wind rose showing wind speed and direction from the roof top 
measurements for the 10th May afternoon    
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Figure 8: (a) CO concentrations along the South (leeward) side at 1.5 and 2.5 m from the ground on 10th May afternoon; (b) CO concentrations 
along the North (windward) side at 1.5 and 2.5 m from the ground on 10th May afternoon  
(b) 
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3.2.3.  Pollution distribution at street level on 11th May early morning  
As seen in Figure 9(b) the wind direction on the 11th May during the early morning between 8:00a.m until 10:00a.m 
is mainly from South-Southeast and East-Southeast.  In this case the wind is considered oblique to the street canyon, 
at times almost perpendicular to it.   Wind speeds are low at that time, and range between 0 to 1.5m/s.  Traffic flow 
rate, shown in Figure 9(a) is increasing and on average 120 cars per 15mins.  
The distribution of pollution levels along the street within the street canyon on 11th May morning is shown in 
Figure 10.   In this case where the wind is oblique and is coming mainly from the South-Southeast, the South side of 
the street is considered the leeward side and the North side of the street is the windward side.   Along the length of 
the canyon, concentrations are higher in the middle of the street than at the edges.   In this case, CO levels are 
generally 35% to 50% higher at 1.5m from the ground than at 2.5m from the ground on both sides of the street. 
In this case study there are lower CO concentrations overall, the difference between CO levels on the North side 
vs. the South side is less pronounced, corresponding to lower traffic levels.   However, CO concentrations are still 
consistently about 10% greater on the North side than on the South side, again in contrast to results from the 
literature, which expect concentrations to be greater on the leeward side in a typical symmetrical canyon.  
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Figure 9: (a) Traffic Flow rate in number of vehicles per 15 minutes (b) Wind rose showing wind speed and direction from the roof top 
measurements for the 11th May early morning 8 to 10a.m 
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Figure 10 :(a) CO concentrations along the South (leeward) side at 1.5 and 2.5 m from the ground on 11th May early morning  (b) CO 
concentrations along the North (windward) side at 1.5 and 2.5 m from the ground on 11th May early morning  
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3.2.4. Pollution distribution at street level on 11th May afternoon 
Wind direction at that time of the day has two contributions to the wind vector:  a parallel component and an 
oblique component.   The parallel component is on the East side while the oblique component is meandering 
between South-East, East-Southeast, East-Northeast, and Northeast.  Wind speeds are quite high during these hours 
and ranges from 2.5 to 6m/s. Traffic ranges between 120 to 180 vehicles per 15mins.   
The distribution of pollution levels along the street within the street canyon on 11th May morning is shown in 
Figure 12.   Concentration levels on the South side are observed to be similar to those measured there in the 
morning.   CO levels along the length of the canyon present almost the same levels at all locations at height 1.5m 
from the ground, indicating a well ventilated street.   On the North side the concentrations are much higher than on 
the South side by 50 to 70%.   Again, pollution levels under the oblique wind conditions are greater on the North 
side.   This, despite a meandering wind which effectively means that the windward and leeward side of the street 
reverse periodically, as seen in see Figure 11(c).   Greater levels are observed in the middle of the street and 
concentrations are lower on the west end of the street, nearer to the junction, by 30%.   The difference in CO levels 
between measurements at 1.5 and at 2.5 m from the ground is 50%. 
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Figure 11: (a) Traffic Flow rate in number of vehicles per 15 minutes  (b) Wind rose showing wind speed and direction from the roof top 
measurements for the 11th May afternoon (c) the wind direction as a function of time 
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Figure 12 (a) CO concentrations along the South side at 1.5 and 2.5 m from the ground on 11th May afternoon  (b) CO concentrations along the 
North side at 1.5 and 2.5 m from the ground on 11th May afternoon  
3.2.5. Discussion 
 
The analysis of the measured concentrations on these two days shows that the dispersion of pollutants is strongly 
dependent on the meteorological conditions, street layout and the position of the traffic lane within the street 
canyon. The average CO daily trend in this study in the middle of the canyon at 1.5m height from the ground for the 
South side (which in this case was the leeward side) was 0.4*10-5 kgm-3 and for the North side (which in this case 
was the windward side) was 1.2*10-5 kgm-3 when the wind was perpendicular to the canyon. Comparing with a field 
study in a symmetrical street canyon with similar wind conditions, carried out by Xie et al 2003[8] the average CO 
daily values at the same height in the middle of the street were 1.69*10-5 kgm-3 on the leeward side and 0.52*10-5 
kgm-3 on the windward side. It is clearly shown that the pollution levels are reversed for the street canyon in Nicosia 
and higher levels are observed on the windward side than on the leeward side.  
 
      
4. Conclusions  
Field measurements of traffic related pollution dispersion have been conducted in Nicosia, within a  
non-homogeneous street canyon under various wind conditions.   Carbon Monoxide was used as an indicator of 
traffic related pollution.   As expected, concentration levels are higher at the human height of 1.5 m than at 2.5 m 
from the ground, which indicates a higher level of exposure to pedestrians than that measured by rooftop 
background pollution monitors.  Furthermore, concentrations are higher in the middle of the street canyon than at 
the ends of the length of the street canyon, near the junctions. 
The results show a complex dependence of CO levels on traffic, wind conditions and street layout.   CO 
concentrations are analyzed in more detail for four case studies under differing wind and traffic conditions.   Under 
the case of parallel wind, concentrations levels were generally similar on both sides of the street but consistently 
10% higher on the North side.   Significant changes in the wind direction create strong vertical mixing and in some 
cases, concentration levels increase at a higher level compare to the near ground level.   For the cases where the 
wind was oblique to the street canyon pollution levels were greater on the North side than on the South side by 50% 
to 60%.   
Pollution levels in symmetrical canyons are expected to be greater on the leeward side of the canyon, as shown 
by several previous studies.   In contrast, in this study the North side, despite usually being the windward side, in all 
cases presented higher average values of CO at various positions along the length of the street canyon, and at 
different heights from the ground  (these results have also repeated results from a preliminary field study carried out 
last year).   This appears to be due to the fact that the traffic lane is off-centre and on the North side of the street.  
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This feature of the street geometry appears to have a greater effect on the dispersion of CO than the wind-induced 
flow regime, which is usually found in symmetrical street canyons. 
Because of this variability, typical urban monitoring stations placed at great height from the ground give a good 
indication of background pollution but poor reflection of the varying and often much higher levels of pollution 
experienced by humans at ground level.   These levels might exceed safety recommendations for significant length 
of time, depending on level of emissions, street geometry and local wind conditions, and location of the traffic lanes 
within the street.  
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